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(57) A cam mechanism used for a photographic lens has a movable barrel (19) and a cam ring (17) fitted on 
the movable barrel such that the moving barrel is movable relative to the cam ring along an Optical axis of the 
photographic lens, The cam mechanism includes at least one tapered cam slot (17b) formed on the cam ring 
which extends obliquely to a direction of the optical axis; at least one tapered follower projection (19a) 
integrally formed on the movable barrel, at least one lead groove (17p) formed on an inner periphery of the 
c^m ring which allows for insertion of the follower projection Into the at least one cam slot during an assembly 
of the photographic lens, at least one follower (18a) respectively formed on the at least one follower - 
projection, and at least one stopper (17m) for contacting the at least one follower (18a) when the movable 
barrel is. fully retracted into the cam ring for preventing the movable barrel from coming but of the cam ring 
the at least one stopper (17m) is integrally formed bri an outer periphery of the cam ring (17) : • 
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TELESCOPING TYPE OF ZOOM LENS.. AND CAM MECHANISM THEREFOR 



The.. present invention relates" to' a 'telescoping' type "of 
: 2 pom-; lens having a plurality of moving barrels 
; =° n ^trically pranged which advance from or retract into a 
stationary barrel of the zoom lens, and also relates to a 
:■ cam P e ^^^|^ : :can ; .be' U'ledt in; suet a •■ teiesg|pi n ^.^p| 
-.^f zoptt lens, for producing 'a ^determined movement 'between 

^,tfwo;;.mo^^ arranged> 

A telescoping type of zoom lens having a plurality bf 
movirg barrels concentrically arranged is/well known,-: This 
•type of zoom lens is widely utilized in a lens -shutter type 
of zoom compact camera in order to reduce the thickness of 
the : camera when not in use,: I 

In such a zoom lens, in order to realize a moving 

. barr ^L (firSt ^ bS m ° Vable f °™^d ; or : . rearward 

along ' an opticaL axis" of" the " zoom'Tens ^ relative tb ■ a second 
barrel (which may be a stationary barrel or a moving barrel) ^ 
in which the moving barrel is positioned, male and femal4 
helicoids (helicoid threads) are often formed on an outer 
periphery ^ £ inner periphery pf 'thiT 

SeC ° nd ^ rr ^ ; respectively. .. ; The moving, barrel ! is ; * 



positioned' m . the .second barrel with : the" male helicoid 
engaging wi th the female 'helicoid 7;DUe to the ^engagemeit'of - 
the helicoids, the moving barrel moves along the optical" 
. axis while rotating about the.. optical, axis relative to the 
■second barrel when the moving barrel is driven to "rotate 
.abbut;: the optical axis/ Instead of us ing ;• such ! he! icoids , VV n : > 
-^or^e'r^ to. ^ 

-rearward along: the: optical axis relative to the second 
barrel, it is also often the case that a plurality of cam 

. slots or grooves , ; .which are • parallel ..:to / one another,, and 
oblique to. the. pptiiral axis 'direction ,^:'ar4.'.f drme'd C^n-the .' 
second barrel, and that a corresponding plurality,, .of 
follower pins are fixed on the moving . barrel . in this case, 

f.the moving barrel .is! -positioned in .the, second barrel, with 
the follower pins respectively engaging with the cam slots 
or grooves, so : that the moving barrel cari move k long the 
optical axis while rotating about the optical axis relative 
to the second barrel . 

In such a zoom lens, if a strong impact is applied to 
' ; f tbnt end of the ' zoom leiis in a; direction of retraction \ 
thereof while the moving barrel, is advanced from the. "second 
ba 5 r fl. the moving barrel is forced • to retract back into., the 
second barrel while rotating . For this reason, in order to 
protect a gear train, provided in a drive mechanism 1 for ; 

J moving the • moy ing • • b£ir*el ;/ >; f rbm beiti^ :;dantag>d /.^:^lu t c£ is';'' 
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Weraily^provide^ 

impact is applied to the front end of the zoom lens in a 
? direction of retractidh thereof "wh^ th e moyinV' barrel 1 - ij 
fully retracted; in the second . barrel, t£e moving barrel -J 

.: '^° r " d ^!^^^PS? 0tati0nal " direction "to further"' 
■•/f^lfe damage to 

the moving barrel, the second barrel and/or other peripheral ' 
members, particularly in the case where the lead of the- 
helicoids or th^ lead of the cam slots or : grooves ' il large^: 
: i.e.; where the heiicoids or the cam slots or grooves are 
formed such that the moving barrel moves by a large distance 
;along.the optical axis for an amount of rotation ".of the 

..moving barrel .relative .to .the second barrel. ~ • • 

It is well known to provide a zoom lens in which a 
moving barrel (first barrel) is guided along an optical axis" 
without rotating, thereabout ! relative, .to' another barrel | 
(second barrel). The. zoom lens is driven to move along the 

J^'i?^; k l ca *. ' ^chanisin ' including a V. cam ! ring-I 
arranged concentric to the first barrel. The cam ring is 

. Pr0 : Vided . . With ..... a .; plurali .^,...°f cam:slots; ..in , w hich;{a ... 
corresponding plurality of followers are, respectively 
fitted, so that the first barrel moves" along the optical 
axis o relative to the secohd barrel when the cam ••ring 
:-rot^es ^ut 

^Vsuch a-jl^tionai.;^ 



ton th^ cam rirtgjsuch that side surf aces ' : of each cam ,siot y.''; 
which determine a predetermined contoured dam : surfac : ^ 
thereof, extend parallel to each other and : substantially 
perpendicular to a part of the wall of the cam ring where 
-the : cam slot is formed. However, when a cam ring provided 
wi th a ,piur;ali.ty : such,, a • sheipe is 

produced, by molding, it is necessary to use a mold having a 
complicated, structure consisting of a plurality of. 
..complicated mold pieces. 

Ah object of the present invention is to provide a; 
telescoping type of ; zoom : lens having a: plurality bf moving : 
barrels concentrically arranged , which is provided with a 
mechanism for preventing the zoom lexis : .firom being damaged 
; wheh a. strong, impact ^ is., applied; to.. the -^f rorit.>.^d^.6f v-the; ibO#? 
leris in a (direction of retraction thereof while the. z bom 
lens is fully retracted. 

.Another object :of the present invention is to provide a 
caih: ;m^c^aiism • including '.a; cam rindj provided with "•d?"ijpi'ur^ii'fey: s .: 
of cam slots for producing a predetermined movement between 
two moving barrels cone entrical ly . arranged, which can Be 
used iii ai telescoping type of zoom lens and which does not 
require that the. cam "ring be molded by a mold of complicated 
structure. >- : ''vr* *•'• > : . >?.'••••.*:• : . -"'V • > ' '* :% * r \-'"'^\""'#K>i;^"-. j: - 



. Recording'- 

to an aspect of the present invention, there is provided a 
lens barrel having first, second and third barrels 
concentrically arranged, in. this order . from an optical axis. 
. The , leiis , barrel includes : at\ least -one caro^ slot formed:, ph'; 
the second barrel and extending oblique to a direction of 
the optical axis; at least one guide groove formed on an 
inner periphery of the third barrel; at least one follower 
^formed ' on ^ n '.; :; OU ter ; Periphery-: -o f:\the; v 'fir : st£ barrel^and:- 
^engaging with the at, least .one guide groove through the 'at. 
•-least . one earn r slpt ; ; and a|ueast\ one member integrally, 
.formed on an outer periphery of the second barrel adjacent 
to an end of. the at least one cam slot, the at least one 
member including a surface, formed thereon to contact the at 
least one follower when the at least one follower moves to 
J'* 1 e end of the at leas t one cam slo t . : T 

m the direction of the optical axis. \ 

Preferably, the end of the at" least one' cam slot is a 
• rear end. of the at least one cam slot, so that the at least" 
one follower contacts the surface when the first barrel is 
fully retracted into the second barrel . 

Preferably, the second barrel is guided along the 
optical axis without rotating about the optical . axis 
relative to a" stationary bl^k/of: -^Jl^^^iX ^ 



barrel in such a manner that' the third barrel is . rotatabie 
about the optical axis relative to the second barrel and 
immovable along the optical axis relative to the second 
barrel . 

Preferably, the at least one follower each includes a; 
^follower projection formed on the ^^^^^^^^ 
• .first barrel/ aiidV airing m^er; support ed^oh che follpwefc • 
projection, wherein the follower projection andrthe ring, 
member; engage with.: the at least one cam slot , and the af. 
least one guide groove, respectively, and further wherein 
the. ring member .contacts the surface when the follower 
projection moves to the end of the cam slot. 

Preferably, the follower projection and the at lea e' 
one cam slot, which engage with each other, are each tapered 
in a direction away from the optical axis. 

Preferably, the at least one cam. slot is oblique to the 

;^rect^on^ 

Preferably, the at. least one; cam slot isj P rovided,at 
the end thereof withTan. end slot which, extends In; a' ' 
circumferential direction of the second barrel, the at least 
one member, being formed along the 'end slot. 

'/. ? Prefe rably/ the;: l secbnd.[barrel includes ^ f irst > flange ^ 
..formed substantially on a rear end of the- outer periphery of 
'the second barrel so as to; prevent the third barrel from ' 



■ 7/ 



i moving forwardly from the second barrel along the iptlcai 
axis, wherein the at least one member % f onnssd integral 
with the first flange. 

Preferably, the lens barrel further includes: a second 

the second barrel behind the first flange with a 
circumferential groove formed therebetween; and at least one 
Projection formed on a rear end of the third barrel and- 
extending inwardly toward the optical axis, the at least one 
Projection being positioned in the circumferential groove to 
; .be guided along the circumf erential \ groove so that the i£ 

second' barrel whiie being restricted from moving along the 
optical axis relative to the second barrel. 

v; Preferably, the lens barrel further includes: a 
stationary.barrel in which the third barrel is positioned; a 
male helicoid being formed on ah inner periphery of the 
stationary barrel; and a female helicoid formedk *.wf 
end of an outer periphery of the third barrel and engaging 
...With che.male.helicoid. so that the third barrel moves along 
the optica! axis when driven to rotate about the optical . 
axis relative to the stationary barrel. 

Preferably, the lens barrel further includes: at least 
-ne engaging projection formed or. the second barrel and " 
extending, outwardly in a r ad ial direction away from the * 



optical axis ; and. at least one linear guide groove formed on 
the inner periphery : ,of : : the stationary barrel V the at least : 
one engaging project ipn engaging with; the : at least one 
linear guide groove so as to guide the second barrel along 
the optical axis.. . ,.'.'„•;„.'. ,.'..'...,..•...:"'.,„.'! ..... /;;,.. ',;-.„?- : ; i ' li: : 

..• "Pref erably, bar rel f ur ther includes at least; 

one lead groove for the at- least one the follower project ion 
to; be inserted into- the^-kt least /pne-^Mi" slot durihg^ : : aii: 
assembly of the lens barrel # , the' at,;, least- ,pne lead : A,groove' 
being formed on an inner periphery of a rear end of the 
second barrel ■ ;. at. a;- rear' end of the .at : :,least one icain- slot . 

. Preferably, a camera is provided with the lens barrel, 
the camera : including a ;.; stationary ...block: .on which the. 
stationary barrel is integrally formed. 

According to another aspect of the present invention, 
there is; -provided ,;a telescoping type of .zoom,; lens; having 
fiirst , secdiid K?arid; : thir^ v ^rrels c one eh trie ally arranged in 
this order from an optical, axis • The... telescoping: type of 
zoom lens includes r a plurality of cam slots formed on the 
second barrel and extending parallel to one another oblique 
to a direction of" the optical axis; a plurality of guide 
grooves formed on an inner periphery of the third barrel; a. 
plurality, of; - f bllbwer^. f oitmed on an/outer periphery : ' : qf : the' 
fi/rst barre^an'd; respectively engaging with the vpiural^ 
guide grppyes : : thr.qugh : . ..the;. ' plur all ty *-;qf - : : : e anT : is ip t s. ; and a 



Plurality of members each being integrally formed on an 
outer periphery of the second barrel- adjacent to a rear end 
,'. of a corresponding one f f the .plurality" of cam slots, the 
Plurality-of followers respectively contacting the plurality; 
• of members when the first barrel is fully "retracted into the 
second barrel. 

According 

to another aspect of the present invention, there is 
provided a cam mechanism used for a photographic lens., which : 
includes a moving barrel and a cam ring fxtted on Amoving 
. barrel such that the moving barrel ; is movable relative || 
the cam ring along an optical axis of the.. photographic-lens. 
The cam mechanism includes: at least one cam slot formed on- 
: ; ; the cam ring extending . oblique to a direction of the optical 
-axis, wherein the, at least one cam^ot is formed such that 
a cross-section along a plane perpendicular to a 
longitudinal direction of the at least one cam slot. tapers 
in a direction away from the optical axis; at least one 
follower projection integrally formed on the' moving barrel, 
wherein the at least one follower projection ' is formed to -' 
taper in the direction away from the optical axis to be 
firmly fitted in the at least one cam slot; at least one 
l^ad groove for the. at least one follower projection. to be 
inserted into the at least one cam slot during ah assembly ; 
of ^photographic lens, the *t least one lead groove being 



formed on an inner periphery of a rear end of the moving 
barrel at a rear end of the at least one cam slot; at least 
one follower respectively provided on the at least one 
follower projection; and at , least '. one stopper contacting, the 
at least one follower when the moving barrel is fully- 
retracted into the cam ring in order to prevent the moving 
barrel from coming put of the cam ring from a •....rear" end 
thereof, the: at least one .stopper, being- integrally formed on 
:i^ n *-P^??*P^%&$*y'' moving ;barrei; ad j acen t to ; the;- rear 

•end of th^ at least one. cam slot'.- 

Pref erably, the photographic lens is a zoom len$. 
.--^Pr^ferably, ^^<^^r.jpj^^ i s ^guided- ^1^^7t^^o^|^fe3^ 
axis without rotating about the optical axis relative to a 
stationary block of the photographic lens. 

Preferably , . the at 'least one follower i.iis ring : member 
secured onto the at least one follower projection by a 
fixing screw screwed in the at least one follower 
projection. 

Preferably, the at least: one cam slot is oblique to the 
direction of the optical axis by a predetermined angle. 

Preferably, the cam mechanism further includes : a 
rotational barrel fitted on the cam ring tb be : rotatabl4 
about the J : op t ical- ■ axi s VrelatiVe: , .tp. -the-, -cam;, i ring; and : : dtv 
least one. guide, groove formed on an inner periphery off th£ 
rotational barrel, the at leiast bhe- f blipw^ir b£irig : fitte<i$in; 



; tJie least one guide groove to be guided therealong; 

• t i :>f m!? '^^m}^^** ^o°Ve m*: : p£. forn^d^tbUxtend 
'••v. i h t^e: direction of the optical axis. ■■>{■'' 

Preferably, the rotational barrel is fitted on the cam 
' 'ring 'to' be immovable along, the ■ optical axis relative' to "the" 
cam' ring. 

According to yet another aspect of the present 
• invention % ; there is provided a cam / mechanism / Used for " a 
Photographic lens which includes a moving barrel and a co- 
ring fitted on the moving barrel such that the moving barrel 
..; is movable relative to the cam ring along an optical axis of 

the . photographic lens The., cam • mechanism includes : 4a- 

•■Plurality of^arnVslots; t^f^^^J^^\ 
.{parallel to one another oblique to a direction of thV 
.optical axis, wherein the each of the plurality of cam slots 
is formed such that a cross-section along a plane 
perpendicular to a longitudinal direction thereof tapers- in 
a direction away from the optical axis , a plurality of 
f ollower projections integrally formed on the moving, barrel, .... 
wherein each of the plurality of; follower projections isi 
formed to; taper & the direction away; from the optical axis V: 
to be firmly fitted in a corresponding one. of the plurality- 
of cam slots; a plurality of lead; grooves for each of the 
Plurality- of follower projections ; to h4 ^sertel' into' a 



assembly, of the photographic lens, each of the plurality of 

end of the moving barrel at a rear end of a corresponding 
one of the plurality of cam slots; a plurality of followers 

■ each provided, on a • corresponding ■ one "of the plurality of 
follower projections; and . a plurality of 'stoppers each 
W con tac ting ^. corresponding;; one'' o.f : the plurality : ; 0 f followers: 

; without contacting ^corresponding one of the plurality of 
follower. . projections when -the ;.Vmo ving^ ba r r e i is';3fuliy 
retracted into the cam ring- in. order to prevent the moving 
barrel from coming Out of the cam ning from a rear end 
thereof, each of the plurality of stoppers being integrally 
formed on an outer periphery of the moving barrel adjacent 
to a rear end of a corresponding one of the plurality of cam 
slots.- ■? 



An example of the present invention will now 

.be described below in detail with 
reference to the accompanying drawings in which similar 
■elements are indicated by similar reference numerals , and 
. wherein:r .-h \\. <'A>-i '•• . : ?\?:-\' :-.' ''^ - : ; ' ? • • 3.'' 

Figure 1 is an exploded perspective view of a part of a 
: zoom lens barrel; 

'<¥ i'giire - 2' : is an' enlarged . perspec fciv : 4 view • of . a ' linear 
guide.; barrel, of . tH^ : ' zoom- Aliens barrel shown; in Figtur& ; 'l;.- K 



•; •' . ;V : ;i i : ;- : ; : : • . • ■ . ;"' .-v \ 13 .. . / . r )• . ■ \ v i v:;- : : : • •?•.;. , 
. • Figure 3 is an exploded sectional view of a part of the 
.: zoom lens ' Batirel; 

Figure 4 is a sectional, view of the part of the zoom 
lens barrel shown in Figure 3 in an assembled state; 
•'Vy ? isure: 5 ';is"';a ^eveloped^r 
• the : lineari guide barrel- ; shown /in /Figure? 2 ; ' A" . 

Figure; 6 is% enlarge^ view^df ' a. part- bfe- 't^e "dW* io^'^ 
. view, shown in Figure 5; 

Figure 7 is an enlarged schematic: perspective view 
showing a part of the zoom lens barrel , 

Figure 8 is a schematic perspective view showing the 
part of the. zoom, lens barrel shown in Figure • 7 in an- engaged • 
state; 

Figure 9 is an enlarged exploded perspective view of a 
P ar t : of the ; zoom lens barrel; 

Figure 10 is a schematic perspective view illustrating 
; a stateCwhere ■ an AF/AE. shutter, unit of the.; zoom lens "bariel' 
is mounted to a first moving barrel; , 

• Figure 11 is an exploded perspective view illustrating • 
main parts of the AF/AE shutter uhxt of the zoom lens barrel 
shown in Figure 7/ 8, 9 or 10; 

Figure 12 is an enlarged schematic perspective /view of 
the third moving barrel of the zoom lens barrel; 

Figure 13 is a front elevational view of a fixed lens 
barrel block of the zoom lens barrel; , , ' 



• ... . /> ■ : .14 • .... - ,..;•.„ • ... : , v •• 

Figure 14 is a sectional view of an upper part bf the 

zoom lens barrel in a maximum extended state; 

Figure 15 is a sectional view of ^ri upjjer part- of 

zoom lens barrel, illustrating main elements in .a 

housed state; 

Figure 16 is a sectional view of the upper part of the 
zoom lens barrel shown in Figure 15 in the maximum extended 
state; 

Figure 17 Lsr^/sectiori^l.- yiew .'of aii upper; part oi,}the 
: zoom .• lens, barrel in ; the •■ housed. "State";'- ' 

. Fi^re.- 18 • "is an. exploded perspective View : of • the. 
overall: structure;' of - the zoom 1 ens : bar i: ; e 1 .; •- 

Figure 19 is a block diagram of a controlling system 
for controlling an operation of the zoom lens barrel; 

Figure 20 is. a- sectional view of, : an upper part of a 
lens, supporting barrel which supports; : a . front lens group 
therein, and a lens fixing ring which is. to be screw-engaged 
with the lens supporting. barrel; . 

Figure 21 is an enlarged perspective view. of the lens 
.supporting barrel shown in Figure 20; arid 

Figure 22 is an enlarged sectional view pf a part of 
the lens fixing ring shown in Figure 20. 



Figure .19 is 'a : / schematic " r.epresi^h;t:'atabn' of- various 



elements which comprise a preferred embodiment of a zoom 
gens " camera to which the present invention i s applied . '-" A 
concept of the present zoom lens camera will now be 
described with reference to. Figure 

. . ...... ? he zo °™. lens cam «fa , is, provided. ..with „a„. zoom ..lens,.. 

(telescoping type) having three moving barrels, namely a 
first moving barrel 20, a second moving barrel 19 and a 
third moving barrel {rotational barrel) 16, which are 
cone ehtrically arranged -in th;g ■ order . |rom- if' optical , axis ; : ; 
°' ... In the lens barrel 10 two lens groups are provided- 

as a photographic optical system, namely a front lens group. 
LI having /positive power and a rear lens group L2 having 
.negative power. 

In the camera body, a whole optical unit driving motor 
controller 60, a rear lens group driving motor controller 
61, a zoom operating device 62, a focus operating device 63, 
an object distance measuring apparatus 64, a phptometering \; 
^apparatus 65, and an AE (i.e., automatic exposure) motor 
controller 66, "are provided. Although the specific' focusing ' 
SyStem ° f the ob ? ect 4^.tance measuring . apparatus 64, which ■ 
is used to provide information regarding the object-to- 

invention; : one such suitable system is. disclosed in cbmmonly 
assigned , U.K.; Patent Application No. 2298331 , / ? f iled on 
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'■ • February ;:.: i2 2 , 19 9 6 ,, ■ and published ' on 28 A^^t v -l9 9 6^ 
" -,'v C ;• s : . • ' , > V: : . ';• "...:. ';■ y- ' ..• • 0 • • f £ Al fefeiough;; the; 

focusing systems disclosed in U.K. Patent Application No, 
2298331 are of the so-called "passive" type, other known 
; ;autof ocus- systems . { e . g . , ac tive;:: ; range,- f inding it systems: such;: 
as those based on infrared^; light and triangulation) may bd 
:.; v; : : us^d. • . :Similarly/r a php ; in : ' the" 

••• above-no ted • U : K. Patent Application: No . 2298331 kvdbtild^iibe'' 
• . implemented as: photometer ing : apparatus ; . £5 ... 

The zoom operating device 6 2 can: be :: provided- .in . the-: 
..••:... f prmAbf;,.. ; f or . example / , a ^manual.ly^op^ 

lever (not: shown) provided, on the camera, body or a pair- of 
zoom buttons, e.g., a "wide" zoom button and a "tele" zoom 
;•• button., ;(npt shown ) provided on.; the . cameras body . When - the 
zoom operating device .62 is qperated> the whole optical unit, 
•• driving ..motor controller : 60 drives a whole optical unit 
driving motor 2 5 to move the front lens group LI and the 
rear lens group L2> rearwardly or f orwardly without regard 
to a; focal length and a : focal: point thereof . r In the; 
following explanation, forward and rearward movements of the; 
. lens groups hi- and L2 by the whole . optical uriit- driving-" 
. motor controller 60 ( the motor 25) are referred to as the 
movement toward "tele* and the movement ^toward ^wide^ 

.lens, groups ,L1 and;.L2 occur when . the zoom' operating device- 



. 62 is operated to "tele* and "wide* positions . 

Ttie image magnification of the visual field of a zoom 
^finder 67 provided in the camera body, varies in sequence 
'^^^Aty&^ii^ ;pf .She [ foqal- 'length through' the operation 

. of . , the . zoom . 0 P era .^ in ,9 . device 62,. Therefore.., ..the 

photographer can perceive the variation of the focal length 
by observing the variation of image magnification of the 
: ^sual:. fieid:.o^ the finder: \ In' additionV?the focal length;: 
:set by the operation of the zoom operating device 62 , may be 
perceived by a value indicated on an LCD (liquid crystal 
display) panel (not shorn) or the like. V 

■ •■ ' When the 'focus bperating^evice 63 ;. ; Is.* operated^ 
whole optical unit driving motor controller 60 drives the 
whole optical unit driving motor 25. At the same time the 
" **** ^ ens grou P --driving,: motor controller 6 1, drives a ; rear 
lens, group , driving motor 30. Due to the driving of the 
whole optical unit driving motor controller 60 and the rear 
lens group driving motor controller 61, the front and rear 
lens groups LI and L2\ are moved to respective position^:; 
-corresponding to" a' set focal ' length' and ' a detected object 
: ; distance .and thereby the zoom lens is focused on the 
"subject ; ' j. - " ' ; '••f :; - •' ''}''■'-■■■'' v > /v;.''---- 

Specifically, the -focus operating device 63 is provided t 
with a release button (not shown) provided on an upper Wall 
of the. camera body. a photometering switch and a "release. 



•: , -''-;:\ I ,- . r r " . > ; : i-8. y ' • ., ; ; • 

•switch both not . ; shqwn) are synqhrbni zdd^v/i tK the,reieas^ 
button. When, the release button is half-depressed (half 
step) , the focus operating device 63 causes the 
photometerihg switch to- be turned ON, and';' the. object 
• ;;di stance •-'•meas u ring •: -(and; ; phb tome't er ing . ' c pmmand s - ; ;are' 
" respectively, input to the object distance measuring 
: ;i:-fappa^a'tus, 64 f and vthe :-pho t om^teir ing: apparatus 6 5 ■ V 

When the release button is fully depressed .{full st&o) , 
the focus operating device 1 63 causes the release switch to 
. be turned ON , and .according to the result : of object distance 
measuring demand and a set focal length, the whole optical 
:unit : driving,- mo tbr;;25 arid- the r ekr. ' lens . .group' ;' : dr iying^ :inp t or 
30 are driven, and the focusing operation, in which the 
front, lens group LI and the rear lens group L2 move to the 
focusing ppsition;, is executed , further / an,,AE motor 29 of 
0& A ^A^S; (: i '. : - e ;;:>; a : u 1 6 f o Gus7a ut p. iskp'bS'ur jei H-i-shiit ter- un r i tv 
(electrical unit) 21 (Figure 11) is driven via the AE- motor 
controller 66;: ; td; ; actuate^ ..a \;;s^tter;;27; During the shutter 
: . action, tije AE motor controller 66 drives the AE motor 29 to 
open shutter blades 27a of the shutter • 27 for a specified 
•period of .. time;. according, to . the,;. php tome teriilg "information 
' output from the photometering apparatus 65. 

■"; When the zoom operating device 62 is ; operated, the : zpom 
operating device 62 drives the whole optical unit driving 
' motor 25 to mbve the,;.f ront-Vai^d rear- lens grpui>£ fLl : and v L2 



'• 19-'' ; 

: /together ^^ythole in ■ the |dir ec^ic-h . ; Q^thes op tickX -axis "O 
. ( optical axis; direction ) . Simultaneous with I such a 
movement . the rear lens group driving motor 30 may also be 
driven via the rear lens group driving motor controller 61 
to move the rear lens group L2' relative to the" first lens 
group LI. However, this is not performed under the 
conventional concept of zooming in which the focal length is 
varied sequentially without moving ; the position of the focal 
S P ° irit ? : : :'^ e ^ t^e ; , ; zoom . operating .device b 62; .is : operated, ' : .|he ? 
following two modes are available, namely: 

' 7-f mode to : move • the ; front lens grbup : Li and the rear- 
,.;i#ns . group L2 in the .optical axis .direction ..without varying, 
the distance therebetween by driving only the whole optical 
unit driving motor 25; and, 

2.. a mode to move the front lens group LI and. the. rear 
lens group L2 in the optical axis direction while varying? 
the distance therebetween . by driving, both the whole Optical 
unit driving motor 25 and the rear lens group driving motor 
: 30.. 

In mode 1, during a zooming operation an in-f ocus . 
:.condi tion cannot be : obtained at all : tinies with respect to^ 
subject, located at a specific distance, . "However, this' is:., 
not a problem in a lens-shutter type camera, v since: the ;image 

/optical ' syst^ / .^butf':.thr6ugh ;the f inder, optiWl. ' system^SfcS 



is provided: separa^e irom the . pho t og r aphi ng . ppticai system, 
■and it;; is '. suf :f _ic.i^^' : "€o •pnly^bW'; focused when : ;'t h£ s hu t ter-/. i s 
released. In mode: ,2 ,:. during a zooming , operation,:: the front 
lens group LI and the rear . lens group. L2 are moved without 
regard to whether -the -focal " point; moves , " -and -when', the 
shutter is released, 1 the : focusing operation (focus adjusting 
operation) 1 is carried put by moving both the whole optical 
unit driving motor 25 arid the rear lens . group driving motor 

30. \/ ;: A ; •' ; •■ V^';/.'"' '-' -. " ^ ^ - :^ 

: . When the focus operating device 63 is operated in at 
least one part of the focal length range set by the :oom 
operating device 62, the whole optical unit driving motor 2 5 
and the rear lens ^roup driving motor . 30 -are driven to bring 
the subject into focus. The amount of movement of each lens 
group LI or L2 by the whole optical unit driving motor 25 
and -the rear;.; lens group driving : motor -3 0 is determined riot 
only using subject distance informal ion provided f rbm : the 
object distance measuring- apparatus . 64 , but: also by .using 
focai length information set --by the zporii operating device 
62 In such a manner, when the focus operating device 63 is 
operated/ by. moving both the whole ppticai unit driving 
motor 25 and the rear lens group driving motor 30, the 
•position of. the. lens groups :- LI , L2 can be flexibly 
contr6ile<3,. as compared witiv lens ..movements, cont roiled . by 
cam, 



0,0 ■ : zoom . l^cairiera: of this embodiment }can ) also' be 
controlled in a different manner such that, during an 
: ; operation of the zoom operating device 62, only "the 

optical unit driving motor 25 or the rear lens group driving 
motor 30. When the. focus operating device 63 is operated, 
both the whole optical unit driving motor 25 and the rear 
lens group driving motor 30 are moved simultaneously 
according to the focal length information and the subject 

.. distance ^formation obtained by the object distance 
measuring apparatus 64 to move the front lens group iji and' 

| p:;.!^^ determined 
according to the' focal length, and the ' subject^distance " 
information. 

...... An embodiment of the zoom lens barrel according , to the . 

above, concept wiU now be described with, reference to mainly 
Figures 17 and 18. 

The overall structure of the zoom lens barrel 10 will 
firstly be described. •• ■ 

The zoom lens barrel 10 is provided with the first, 
moving barrel 20, the second moving barrel 19, the third 
moving barrel 16 , , and a r fixed lens > barrel block 12 ^Th^ k ' 
thxrd moving barrel 16 is engaged with V cylindrical portion ; 



optical .axis .direction : uppn:;being^ ; 
barrel 1.6. is ...provided on an inner periphery thereof with a : 
linear guide barrel; (cam ring^ or secphd barrel) 17 , which. "iV 
restricted in rotation . The linear guide barrel 17 and the ; 
'third. ■ ..moy i'rig- j -yhaxt'e 1 nibvev t og.ether -; Vas,- • , .aX'' wholes ^:in';'" : the ? 

Optical. axis':;.- di recti ori ; ; V wi th •' t^^\£ft&3*cl • "v^^i A^?ibkf f el^ %&i 
rotating relative to the linear guide barrel 17 . The first 
moving barrel 2 0 moves in: the optical axis direction withv 
rotation thereof being . restricted , The second moving barrel 
19 moves in the optical axis direction, while rotating 
relative to the linear guide barrel ,17 and , the first moving 
barrel . 20. ^ - : : ;The whole optical unit driving . motor; 25 : : : is : : 
secured' to*' the fixed. 'lens" barrel '"block"" 12': A ""shufter ;: 
mounting, stage .40 ..is .-secured to; 'the,; first: moving;, barrel.. 2 0;. : : ; : 
The AE. motor 29 yarid. 'the Vr4ar -lens group ■< dr iy ing : motor a 30- are:.!: 
jmount^d' oh the-/ shutter- mounting : st age : - 4 0 &:; ;,:i .The ' Yf rbnt ' lens 
group LI and the rear lens; group L2 are respectively 
supported , by : a lens support ing barrel (lens supporting 
annular member) 34 and a lens supporting barrel 50 

. An 0-ririg . 76;- n\ade of a rubber dr. the like, i$ ; 
positioned between an ; outer peripheral; circuinf ;erentiai| 
surface of the lens supporting barrel 34^ in the vioinitylrpf 
the f rpnt ..end .thereof, and. .an : inner perabherftl 
c.ir;cumf et ential : surf ace: .of • :an-"|;i tine r??;t 1 ange ^pogjiX^^J^ti : 
\ formed ;i-h t egr a 1- * .-wi.th the -f Irstf moying^ b^r r£ i> / 2 0 ^ 



vicinity Of the front end thereof , : as shown in Figure 17 

• T ^ e , P"^ 111 ^ 70 Prevents water from penetrating \the zoom lens 
^barrel 10 at the front; end ; thereof betweeii the ; first moving 

barrel 20 and the lens supporting barrel 34. 

As shown in Fi ,9 ure 20 < ,. the fr °nt lens group LI consists 
| ; ^>'-I^^ nses ' namel Y' a first lens (frontmost lens ) Lla, a 
/iecori^: lens. Llb, ^igrd ^n|: ^M^fc^- :f ?^th- Terislw' : ahdft 
.fifth lens Lie in this order from an object side to an image 
v s * de v e ;: from . the left hand side ^ to the xi^it- hand ^side . 

• •as viewed in Figure 20. 

A front positioning ring 36 for determining a distance 
between the second lens Lib and the third lens Lie is 
positioned and held between the second lens Lib and. the 
third lens Lie. An outer peripheral surface of the 
positioning ring 36 is fitted on an inner peripheral surface 
°. f • tlie 10 s supporting barrel 34 . . Likewise ,- - a rear 
positioning ring 37 for determining a distance between, the 
thir d: lens ;; Lie -and the fourth lens Lid is positioned , and 
held between the third lens Lie. and the fourth lens Lid.. An 
; outeir . peripheral ' surface of the; positioning ring} 37 is v 
fitted pn an inner peripheral surface of the lens, supporting 
barrel 34. The rear surf ace of the fourth lens ^ Lid ^knd the 
front surface of the fifth lens : . Lie are cemented to each 
other, so that the fourth and fifth lenses Lid, Lie ire ' 
'Ifi/S^ ^ ^cemented-, .pr ; composite ... "lens- , -.' ;V A ..;' frohft:. \ 



circumf erential .edge Llf of the secdnd l^ns Lib ' aldng "the 
circumferential edg.^ thereof contacts the rear surface of 
the first- lens Lla.j A rear, circumf etential edge Llg"o£ the 
fifth lens"- Xle .along , . the ;. -circumf erehtial •• edge ; -ther eqf \ 
contacts^an : : .;inwardly-pro,jecting. .flange 34b. formed integral- 
with the rear end of the lens supporting barrel 34. 

.A female thread 34a is formed on an inner periphery of 
a front part of the lens supporting barrel 34, as shown in 
figure. g2^o^:2l- : ^." f ; i^ihg >|he. 

first lens Lla to the lens supporting barrel 34,; engages 
with the lens;, supporting, barrel 34 . With this, arrangement; a 
male. thread 72a formed on the outer peripheral, surface of 
the lens fixing ring. 72 meshes with the female thread 34a. 
£ circular, abutting surf ace 72 b is. formed, ; on the lens fixing 
ring 72 on an inner- peripheral surface thereof. The 
circular abutting surface 72b comes into contact with a 
circ^f er^t:ial .portion ;fp dfcvjthe ± rbrit-lsurf ace of -the firsfe 
: .^1^ :j iri V? s tate when the , lens ..fixing: ring. 72 -prbp^rly 
screw-engaged with the lens supporting, barrel 34. The 
circular abutting surface 72b is formed tof be substantially 
parallel to the circumferential portion fp so. that the 
circular- abutting surface 72b and the c i r cumfer en t i i 1 
portion fp may be brought tightly into contact with eadh 
othei: when • \t^;;u eh|; ' f ixrnjj ; ring 72, is properly ^drew- engaged 
wi^h the • lensy supporting barrel 34 . : : ; 



< A supporting ring portion 34c - is ; ; formed intfegfai with 

th f. ( lens supporting barrel' 34 // The supporting., ring portion 
; 34c is: located inwardly from the female thread : 34 a ;iin a 

radial direction of the lens supporting barrel 34 . The inner 
,. peripheral, surface of the .supporting ring portion 34 C< which 

extends in . the .optical axis direction, comes /into contact, 
•with an outer ^circumferential edge or : surface op. of. the 
■ ' first lens;. ;:Lla. : >An ; annular /positioning "surface ^ 34d/" 

extending substantially normal to the optical axis 0, is 
;:/ f ^^ 4 011 ; .,%S;^vipp^rtirig. Barrel; 34 arnmediaUl^ behind 

of the rear surface of the first lens Lla comes into contact 
with the positioning surface 34d. With this structure, the 
first lens Lla is immovably held between the circular 
abutting surface 72b and the positioning surface 34d in the 
^pptical . axis, directions and -the first lens. Lla is immbyably 
held by the supporting ring portion .34c in a radial 
direction; normal to/ the/ optical axis 0. 

As shown in Figure 22, a coating 72e is coated on the 
circular abut ting ' surface 72 b . The- .coating; 72e is a 
waterproof coating made of a synthetic resin . In the 
Resent .embbdiment, "Fantas Coat SF-6 (trademark of a 
coating^ produced; by the Japanese.. Company . -Origin / Denki ..." 
Kabushiki Kaisha-) " is used as the coating 72e The front 
;:surf.ac^. of;^|irst ;|en01 f isjormeci: • ' wnSas / > 



the circular abutting surface 72b of the lens fixing ring 72 
is.: : not;;. formed as smoothly,;: (i> e has- : :^ rough .finish) -a!s : . the. 
front surface of the first lens Lla. This is because the 
first lens Lla is more, ininutely and accurately formed than 
the lens fixing ring •"> 72 since the first lens Lla is a 
precision optical .element : Due to this fact,, were it ; not" 
for the coating 72e on the circular abutting surface 72b, a 
subs tantial. .: gap would . be • f ormed between - the,, circular / 
abutting surface 72b and the circumferential portion fp even 
if the circular abutting surface 72b properly and tightly in 
contact with the circumferential portion fp by. properly, 
screw-engaging the lens, fixing ring 72 with the female, 
: thread 34a As, a. result , water or moisture would ^ be ^le: tdv 
penetrate .::dn to ^:'the- : lens, supporting barrel 3 4 • : through-, they 
subs tan tial i gap //^However;, .-in- , the ; .present enibdimeht ; the- 
coating 72e is applied to the c ir cular . abutting^. surf ace' 72b : 
so as to make the surface thereof a smooth surface which 
does not cause" to form : such a substantial gap between the;: 
circular ..^abutting . surf ace . '72b arid/ the .; c i rcumf er en t ial^ 
portion fp when the circular abutting surface 7 2 fc^ properly 
contacts the circumferential: portion fp Accordingly, the 
coating 72e> positioned and held between : the circular 
abutting surf ace 72b. and the circumferential portion: fp, 
effect iyely prevents . water, or. 'Mois tiire C£rom ; jpeiie trafcihg .'the 
lens: v supporting ;;. barrel' -34 • between; the..' circular .." abutting 



surface 72b and the ; circumferential portion : f p under the 
condition that the circular abutting surface. 72b is properly 
and tightly in contact with the circumferential portion fp 
by properly screw- engaging the lens fixing ring 72 with the 
female thread 34a. 

A circular surface 72c is formed . on the lens fixing 
ring . 72: The circular surface 72c is connected to the 
;:; circul^:;abuttfng;~ surf ace 72 b and ; Is^ioe^dV^ 
outward in a radial direction from the circular abutting 
surface 72b. A/ front part of the outer- • circumferential 
. ,su^f abe,. op of ' th| f irsc' aens^Xla (i e W^a^ciircumf elintialf 
/ :^ 4 f e ; i. 'f^.. ? ir S:- j^Sv^^i 6©mes Intoicbnlad t' wi th '. the 
circular surface 72c when the lens fixing ring 72 properly 
engages with the female thread 34a. Due to the circular 
:. surface 72c ;5 0 "^ a ^ihg: : ;the. outer circumferential surface op : ,". . 
the watertight structure between the circular abutting 
surface 72b and the circumferential portion f P/ that is 
realized by the coating 72e, is enhanced. That is, a highly 
... e ^ ent :. Wat - tight conn ection: between the f irsif|enl"1;iffi- 
and the lens fixing ring 72. is: realized by providing both 

'} the -circular/ sur fkce 72 c . with/the ';ieh.s^ ; 
/fixing ring 72 •" ;ly'-''r ■. •• .' ;"' ■' i- 

\ An annular recessed portion- 3 4fe is formed on the lens 
supporting barrel 34 between the female thread 34a arid the ' 
supporting ring portion 34c. As shown in Figure 17, ma 
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state where the lens fixing ring 72 is properly screiw- 
engaged with the female thread 34a, a rear end 7 2d oi the 
i§ns f0^^±^n^ 7 2{ s x t i bn£ d .-in: the • annular ■■"Vecfes s #d ■ 

portion 3 4e with the rear end 72d not contacting the bottom 
(i e. , rearmost end) of the recessed portion 34e, namely,'.- art 
annular space is formed in : the annular recessed portion 34e 
between the rear end 72d and the bottom of the recessed 
portion 3 4e ? . . 

v. . The ; : fixed : - 1 en£-; barrel blpck , 12' ;:is 'fixed in. f ront-; -of 'van 
aperture plate 14 fixed to the camera body. The aperture 
plate- 14 : : is : : .prbyided. on .a:, .center ^thereof ;;with . a. rectarigui^ri; 
shaped aperture 14a which forms the limits of each frame 
exposed. The, fixed lens barrel block 12 is . provided, . on an 
iriher - periphery of : the . cylindrical : portion 12pv with a 
female hel.icpid 12a/ and also a plurality of "linear: guide 
grooves - 1 2b . each extending parallel to the optic al axis 0, 
i.e. , extending:- in the optical axis direction. At the 
bottom of one of the linear guide grooves 12b, namely 12b 
a code plate 13a, haying a predetermined" code pattern, is 
fixed. The code plate 13a extends in , the optical axis 
direction and extends ^ along substantially the whole of the 
length of the fixed lens barrel block 12. The? code plate 
13 a is part of a . flexible printed circuit board .13 
positioned, outside the fixed lens barrel block 12. u /v. : -. 

,in the :=fixed lens -Jbarrel block ; 12 , : : a gear 'housing •'•12c',' 



which is recessed outwardly from an inner periphery of the 
cylindrical portion l,2p /of the. fixed lens, barrel block 12 ih : 
a radial direction while extending in the optical axis 
direction, is : provided as shown in Figure 13 or 18. in the 

|gear.. housing . 12c, ,: a driving pinion. 15, .. extending in -the' 

: ; - ■opti^l ■ ^is/directioh,^ 

' -??,f t 7 of the driving pinion 15 are : " rotatively 
supported by a supporting hollow 4, provided in the fixed 
rlens barrel ; block . 12 ^ and a supporting hollow 3lai prpyided 
; on. a gear supporting plate 31 fixed on the fixed lens barrel 
•block .12 by set screws (no t shown ); , ; i : :r espec tiyely . Part of:: 
the teeth of the driving pinion 15 project inwardly from the 
inner periphery of the cylindrical portion 12p of the fixed 
lens , barrel block 12 so that the driving" pinion 15 meshes 
with , an outer peripheral . gear 16b of the third- moving barrel 
1.6 / as shown :•• in Figure 13 . 

On an inner periphery of the third moving barrel 16, a 
plurality of linear guide grooves 16c, each, extending 
.P**ai|el : t9^the.:;.;opticai axls-' : jo>: : . ' %r e ' formed /v> :>t anioiiterw- 
P t ri?h ' ery of £ he te ar : end of -.the third moving barrel 16, a ... 
male helicoid 16a and the aforementioned outer . peripheral 
gear 16b are provided as shown in Figure 12 The male 
helicoid 16a engages with the. female helicoid 12a of the 
fixed lens barrel block 12. The outer • peripheral gear 1 6b 
engages with the driving pinion 15. VThe driving pinion i5 



with ^tK% :; ; outer iperipK^tal gear 16b throughout the entire 
r^nge of movement of. the ...third moving barrel • IS in the 
optical axis direction '. . 

' As shown in Ficjure 2, the linear guide barrel 1:7 is 
provided >v on a rear, part of an outer periphery ; thereof:, 1 with; 
a'; rear end flange 17d. The rear end flange 17d has a. 
plurality of engaging projections 17c each projecting away 
from the optical axis 0 in a radial direction. The linear 
guide barrel ; 17 is further provided, in front of the rear 
end flange 17d, with a retaining flange 17 e, A 
: circ'uirif ereritia^ •between:':-. the : ';;re 

flange ,17d and the retaining .: flange 17 e . The ^retaining 
flange 17 e has a radius smaller than the rear end flange 
17d... ; - The retaining .f larige:17e ::is . provided with ; a -plural ity 
of " cutout : port ioxis ; 17f y Each of ; :.thel cutoutv portidns-^l^f ; : 
allows a corresponding engaging projection 16d to- - : lbe 
inserted:, into the Mfcumfeirential groove 17g, as shown; in 
Figure 17 . 

, The third moving ; barrel 16 is provided, on an inner 
periphery of the rear end thereof, with a plurality of 
engaging projections 16d Each of the engaging projections 
16d pro j ects towards ■< the optical .. axis . 0 r in a radial 
direction. By, inserting ;th l6d^into 
the. * c ircumf er. en tial ' groqve^-T^ 



positioned in the circumferential groove 17g between the 
' flanges: 17d^andi7e. (see Figure 17). By rotating. the .third 
moving barrel 16 relative to the linear guide barrel 17, the 
.....engaging projections 16d„ are engaged, with -the linear guide 
l ; barrel -17;. :'■ '-/V- . 

■ Oh., the , rear .end of the linear , guide barrel 17, an 
g;aperture plate 23 ^having a ;rectarigular^aped '^^^23^ 
,;y:.^rpx^at ely; the ; same shape . as the ^er tur e;;a4a, /f ixek M 
.: : The relative, rotation : pf^ the linear guide barrel ;i7 : , V 
with respect to the fixed lens barrel block 12, is 

engaging projections 17c with the corresponding linear guide..:, 
grooves 12b, formed parallel to the optical axis 0. 

A contacting terminal 9 is fixed to one of the engaging 
; projections l7c,^el y 17c ' . ^ contacting terminal 9 is 
||| slidable contact with -the code plate. 13a, fixed to the 
3>°ttom °f ^ llne # Wde groove 12b' f to generate ^ignais..^ 
corresponding to focal length information during zooming. 
.. ° n the inner periphery of the linear guide barrel 17 a 
Plurality, of linear guide- gropes: 17a are formed, 1ea|£f 
extending parallel' to the optical axis 0. A plurality of 
lead slots (cam slots) 17b ar e . also f ormed on the linear 
guide barrel 17 as shown in Figure 2 or is. The lead- slots 
^y .^t ^^ ^^ W<^ e (inclined^fto ' the optical "akis ; 



0 . , The lin^ai^; giiide :bai:rel 17. "nfay- be^prp^ 

with,, three . • 1 inear : guide 'grooves- ; 1 7 a :: anifh • thr ee, : ;1 ead ' slots - 
17b. More specifically, . the lead slots 17b; extend parallel 
to one another as shown in Figure 5 and each lead slot 17b 
is- oblique; ■to" bo th - the - optical- 4xi%* : ;<kdr ec t ion- •«•( horizontal • 
; :: direct;i:onvr:!as.::^yiewed^ in Figure: .,5 j .--.and. a- circunif krential 
direction of the linear guide barrel. 17 ; :(vertical direction 
as viewed in Figure 5) by a predetermined angle. 
Furthermore, each lead slot 17b is formed such that a cross- 
section along a plane perpendicular to a longitudinal 
direction . thereof tapers;, in .-a\' direction away f rom . a 
corresponding follower projection 19a, i.e., away from the 
optical axis 0, to correspond to the shape of : the 
corresponding follower projection 19a-;:. .In . other words ^ each 
lead, slot 17 b is formed: such, that ::side surf aces. 17bs of each 
: 1 ead; • s lb t 17b, ; ; : : • Wit h ; wh i qli : ; : t h e ; cor re s p b n d ing fed 1 1 b we r .-' 
projection 19a slidably contacts, approach eacli bther in the 
direction aw^y from: the corresponding follower projection 
19a. A crossf sectional shape of each lead slot 17b along, a: 
plane perpendicular to a longitudinal direction thereof is 
accordingly, trapezoidal corresponding to -the shape of the 
corresponding- follower", pro j ect;iori 19a > as can be;-: seen;"*;:in : 
Figure .3 or 4 . 

: - : "the second mpy : inglV*bp.rr el ■ • 1 9:tJengages.' - Wi th; ; ,the inn^f' 
; periphery ; of -the .linear guide ■v;,£irrel^'17^-- ; 0n : the' : inner' 



periphery of the second moving barrel 19, a plurality of 
lead grooves 19 q . are provided ih a. direction inclined 
oppositely to " the lead slots 17b. : : Each lead groove 19c is 
oblique to both ; the optical axis direction ; and a 
circumferential direction of the linear guide barrel 17 by a 
predetermined angle, similar to each lead slot 17b On the 
outer periphery of the rear end of the second moving barrel 
19 a Plurality; bf follower projections l9 : a are provided.: 
Each of the ; follower pr o j ectibns ; ; 19a has a . trapezoidal 
cross-sectional shape projecting away from the optical axis 
9 in a radial direction. The trapezoidal cross -sectional 
shape corresponds to that of - the corresponding lead slot 17b 
so that each follower projection 19a can firmly and slidably 
contact the side surfaces 17bs of the corresponding lead 
: fefe '■■ ^ e ; ^ e 5 Q ? d : ^ oViLn ^ bar r fel :;i;9 > is molded us Jhi a; ? 
syhthetiic ; resin, ; specifically, a polycarbonate containing 20 
percent glass fibers, and the follower projections 19a are 
integrally formed on the second moving barrel 19. The 
second moving barrel: ;i9;?may :be forced : : ::f rorrT other : : : type^' of ~>. 
synthetic resins: The linear guide barrel 17 is also molded: 
using a polycarbonate: containing 20 percent glass,: fibers, 
but may be formed from other types of synthetic resins. 
Follower pins 18 are positioned in the follower projections 
19a. Each follower pin 18 consists of a ring member 18a, 
and a center fixing screw 18b which supports the ringV member 



18a oh the corresponding follower :,pr6jection 19a, ' The 
follower projections 19a are in slidable engagement "with tiie 
1 ead, sip ts;:.;; 17b- '_;6f the . linear ;.; : guide, : .barret:/ii;. arid /" dhe:. 
foi lower.: joins i8 : are -in linear - 

guide, grooves ,16c , of , the, thir.d moving, barrel, 16.. With 'such 
an arrangement, when the, third' moving ^rrel 16 rotates, . the 
.second .^^^n^;- baifr el : " 19 moves linearly in the optical axis 
direction ^"iwhilei rotating-; y-: : ::\- 

0n\. the . inn^r •periphery of . the. .seepnid moving barrel 19, 
the' ..fi;rst-..poving -barrel:; ;2 0 : ; i^0'e)iga^^d;, V: ^he ' ; f i^t^^aiig; 
barrel 20 is. provided on an outer periphery of the rear 
thereof: with a; plurality of follower \ Rin^i^ ^^^'^^^1^^ 
with the corresponding inner lead groove 19c, and at the 
same time. the first moving barrel 20 is. guided linearly by a 
linear guide member 22 The first moving; barrel 2,0: is 
provided at the front end thereof with a decorative plate 41 
secured thereto. 

,• ;-As;. showrv in Figures 7 and 8 , the linear guide-^^ 
is provided with an annular, member 22a, a pairvpf guide legs 
2 2b and a plural i ty of engaging projections 28 _ The pair, of . 
guide legs 22b . project from- the annular member 22a ifi --the 
optical axis direction The plurality of engaging, 
projections 28 each project from the : annular member 22a away 
from the optical axis O in, a radial direction. The; engaging 
pro j ec tions 2 8 si idably : engage with the • - linear, guide girppyes; 



17a .. The. guide legs .. 22b are •respectively inserted into 
linear guides 40c between the^ inner peripheral surface of 
the first moving barrel 2 0 and the AF/AE shutter unit 21 . 

The annular member 22a of the linear guide member 22 is 
■v. connected., to the rear :. of ithe^ second' •;^^^i^^S^W<iV 
/thatrthfe ^Linear: gu^de mem^r..^ 
19 are capable of moving along the optical axis 0 as a 
yVhole, and in addition are capable of relatively rotating 
., around the- optical axis 0. The linear: guide member 22 .is/ 
{ father; : pVovided on^; the . oute^|eri P he|y ; Of^t^e^re^^nJ 
thereof ;wit:h a ^ear: end flanged 2d. The linear guide member* 
: 22 . is ! urther ;P rov i ded in . f r °nt of the rear end ..flange 22d„ 
with a retaining flange 22c. A circumferential- groove 22f 
is formed between the rear 'end flange 2 2d and. the retaining . 

• than, the rear end flange: * 22d. The -retaining flange 22c is I 
VProvided^^^ 

?*>f*|^ 7 ,o^:8 >: ; each allowing a • corresponding eh^gih^ 
^proj||t^r 19b, to^be.; inserted- into the ic^Mi^^M^l 
groove 22 f, as shown in Figure 17; 

' The second moving, barrel 19 'is provided on an' inner " 
periphery of /the rear, end 'thereof wi th a plurality- of ' 
engaging , projections 19b, each projecting towards the 
optical axis O in a radial direction By inserting the 
'engaging projections a9b inlip- the circ^renti^ 'gfoove 22fV 



through the corresponding cutout portions 22 e, the engaging 
projections :19b are ^pps i tiohed " in /th^Jciirtximf erenfeial - glrpbv^ 
22 f -'betweeri the.; flanges:. 2.2c;. and 2 2d. ; By; : r p t a t irig : : t he?- .'s e d drid- 
moving barrel 19 ^relative to the linear guide member- 22 , ■ the 
engaging projections 19b areengaged with the linear guide 
•meiinber :2i2; .With .the above structure ,- when; : the second moving 
barrel . 19 rotates in . the forward or reverse :rota!tipnal 
direction, the first moving barrel 20 moves linearly^ 
f prwardly or rearwardly along the optical axis O, but is 
restricted from rotating, 

. At the front . of. the^.f irst moving barrel 20, a barrier 
: apparatus .3 5 ; havirig : barrier blades 4 8a and 48b is. mounted.' 
On an inner peripheral vf ace : of the : f ir.s t- moving, barrel - 2 0 . 
the AF/AE shutter unit 21 having : the shutter .27/. consisting-: 
of . three shutter blades; 27a, . is : engaged and fixed/ as ; shown 
in Figure 15. The AF/AE shutter unit 21 is provided with a 
plurality:;.; of fixing holes 4 0a formed at even; .angular: 
intervals on the outer periphery of the shatter ,moungingr 
stage 40 < .;::;. Only one of .the fixing holes ,40a appear^ in^each 
of Figures 7 through 11 , 

... The aforementioned plurality of follower pins 24, which 
engage with the inner , lead grooves 19c, also serve as a 
device for fixing : the AF/AE shutter unit 21 to the first 
moving barrel 20 The follower pins 24 are inserted in 
holes 20a,; formed on; the first moving barrel: 20 ; ^d :£ixed 



shutter unit 21 is secured to the first moving barrel 20 as 
shown in. Figure 10. . Iri Figure 10 the first moving barrel 20 
is indicated by phantom : lines . The follower, pins may be 
..fixed by an adhesive... or the pins- 24 .may be formed as screws 
to be screwed into the fixing holes 40a. 

^ As illustrated . in Figures 11 and 18 , the AF/AE shutter 
unit 21 is provided with the shutter mounting stage 40, a 
;^ hutt6t b l^ de ;;supp^rting.k|i^gx4^ r|a*:i:of/ the: 

..shutter mounting , stage 40 so as. to be located inside the 
^shutterYmouhU^^ 

to the shutter mounting stage 40. On the shutter mounting 
stage 40, the lens supporting barrel 34. the AE motor 29, . 
■^4^*0^^% -MP^l -9^^h?to^0^r^. supported vl 
The shutter , mounting stage 40 ; is: provided with an annular f 
; meinber 40f having a circular aperture 40d. The shutter 
mounting stage 40 is also provided with three legs 40b which 
project rearward from, the annular member 40f . Three slits 
are defined" between;' the' three . legs 40b.' Two of the slits 
comprise the aforementioned linear ; guides . 40c. which, 
slidably engage with the respective pair, of guide legs 22b 
of the linear, guide: member. 22^ as to guide the' movement of • 

C 0 ? T ^: ^H^^^^f ng ' ?tage;;40 - supports /^{a£ gWar v train,-: ! 
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45, which transmits a rptatibh : of r the AE motor 2? to the 
shutter 27, a lens driving gear train 42, which transmits 
rotation :pty t^&}r£dr ;l^ns -grpupf- driving motor/ 3-6 ; t<b a ;s^rew 
shaft 43,. photointerrupters 56 and 57, connected to a 
.flexible printed, circuit board ,6,,, and rotating disks.,.58 ,and 
59 , having a plurality of radial ly , formed s 11 ts provided in 
^tjSe:''circumferent 

whether the rear lens group driving motor 3 0 is rotating arid 
for detecting ail amount of rptatipn of ttiisK rear ;lens grpup 
driving ..motor 30 ■ consists:; of : . the ; php t oi n t e r r up t e r 5 7. and the .. 
rotating disk 597 - An AS motor encoder for detecting whether 
the AE. motor 29 is rotating arid, for detecting an .amount of. . 
rptatipn of the AE motor 29 consists of the photointerrupter 
56 and the rotating disk 58. 

The shutter 2 7, a supporting member 47 which pivotally 
•.^^^prts^ 

a . circular driving member 49 , which gives.: rotative power to 
the ..shutter blades 27a, are positioned between the shutter . 
■ mounting stage .40 :and}^ 
secured to the shutter mounting stage 40. The circular 
driving member 49 -is provided with- three operating 
pro j e.ctipris 4 9 a. .- at .. even"; angular ..' intervals which: 
respectively engage ; With : each of the three Shutter blades^ 
21p. ..\ As yshoWn" in Figure . ily ; the shiitter . bladei . supporting 
ring -4& : is; provided . at. a : -. ff ont:;.end thereof ; with a circular 



. aperture 4 6a and with. three supporting holes 46b positioned 
at even angular intervals around/ the circular aperture 46a. 
'•Two deflection restricting surf ac^es? 46c /are .formed' on the 
outer periphery of the shutter blade" supporting ring 46. 
•Each deflection restricting surface 46c is exposed .outwardly 

supports the inner peripheral face of the corresponding 
guide leg 22b. 

:' The : :Su pport; i ng irnember 47, positioned in,. -front • of /the? 
'/• ShX4tter : : ringj-;4fc;g s ; •' prbvided- : ^ith-::al: 

/.circular aperture 47a,; aligned with the circular aperture 
:46a of the shutter blade supporting ring 46, and with three 
'Pivotal shafts' 47b (only one of ' which " is illustrated i£) 
Figure 11) at respective positions opposite the three 
supporting holes 46b. Each shutter blade 27a is provided at 
one end thereof with a hole 27b into which the corresponding 

•,;piyotai^ 

27a is rotatable about the corresponding pivotal shaft 47b. 
The major, part of each shutter ..blade 27 a, that . extends 
normal to the. optical axis 0 from the pivoted end/ is'" formed / 
as a light intercept ive portion. ah three light 
interceptive P° rtion s of the shutter blades 27a together ' / 

Prevent ambient light; which enters the front lens/group ll, 
from entering, the circular; apertures 46a and; 47a when the ' 

•shuiter Wades /27a;;fe/cipsed: ^h, shutter ' bla^ 27a' W 



further provided, between the hole 27b and the light 
interceptiye portion thereof, with a "-. slot 27c, through Which 
the corresponding operating project ion 49 a is inserted 0 The 
supporting member ; . 47 is. ' f ixed ' to. the ..shutter.: blade 
supporting :ring.. : 4 6;: ,in - such/ shaf t 47bv 

which - supports the ...corresponding shutter blade 27a, is • 
engaged with the corresponding supporting hole 46b of the 
shutter bl ade . : ; s uppor t ing • r ihg 4 6 . . . : 

A gear portion 49b is formed on, a part of the outer 
periphery of:"; the : circular driving, member 49 . . .The: gear 
portion: 49b meshes ; with ; one • o£ = -the:; plurality . of gears in; the- 
gear train 4 5 to receive... the / rot at from ; the .gear train; 
.45. .. The supporting member. 47: -is .provided , at respective 
positions close : to •• the . three pivotal-; shaf ts 47b,; ^with. three 
arc -grooves ,47c each arched: along a circumferential 
direction L . The three operating projections 49a of the 
circular driving ring 49 engage with, the slots 27c of the 
respective shutter blades 27a through ; the respective arc 
grooves 47c ... The shutter blade supporting nng : 46 is 
inserted from the rear of. the shutter mounting stage 40, to 
support the circular driving ring 49 , the supporting; member 
47 and the shutter 27, and is fixed: on the shutter mounting 
stage .40 by set' screws : 90 respect iyely inserted. ithfough 
holes 46x /provided .on the shutter blade supporting : ; ring .4.6 / . 
3ehind the shutter blade suppiprtihg, ring 46 , . the leils 
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supporting barrel 50, supported to be able to move relative 
to the shutter mounting stage 40 via guide shafts 51 and 52, 
is positioned. . The shutter mounting stage 40 and the lens 
supporting barrel 50 are biased in opposite directions away 
, . from, each other by a .coil spring 3 fitted on the guide 'shaft ' 
51, and therefore play between the shutter mounting stage .40 . 
and the lens supporting barrel 50 is reduced, m.addition, 
a driving gear 42a, provided as one of the gears in ^ gear ' 
train 42, is provided with a female thread hole (not s^own) V. 
i; the axial- center ^here^ 
,axial direction. The^ screw shaft : 43,'; one^end of ^i^^B 

, ".V*? d . C ° lenS . SU - Dp0rtin ^ . barrel .50. engages., with, the ... 

female thread hole. Accordingly, the driving gear 42a and 
the screw shaft 43- together . constitute a |BIjI||I1 
mechanism. m such a manner, when the driving gear 42a 

rotates clockwise or anti-clockwise due to • - 

uue to driving by theJrear 

neves forvardly or rearwardly with respect £ Q 
; War 42a. .and therefore the iehs supporting barre! ^pShfih . i 
^upports : the; : r^ 

v lens, group LI . : • V' : :-Y.^>;"£.". V V \ : 'f m . '■ •' -v- v 

A holding member 53 is fixed at the front of the 
shutter mounting stage 40 The holding member 5 3 holds the ^ 

-hunter mounting stage . 4b, The .holding me^r 53 has ^ W 



metal. holding plate 55 fixed at the front : thereof by set 
screws 99 V ; The trio tors 29, 3 0 >and vthe pho to i n t e r r up t ers 56, 
5^7 are connected to the flexible printed circuit- board ' 6 b<< 
One end of the flexible printed circuit board 6 is fixed to" : 

•the shutter;' mountihg^sta v\ ^ ->*v • 

Af teir^ tii^ ;.f ii;s t , ". second and third moving. • barrels .2 Qy . 19. : 
and : 16 ;: " ctrid -: the:' A?/AE : • shutter:.:^^ 

assembled/ the aperture plate 23 is fixed to the rear of the 
:i ine^r . guide barrel s ; 17 , and an annular ■: retaining member: .3 3 :; 
■ is " fixed at ' the front of J th e; :5 ixed ;ie^;?B^r4^LbioGk 12 v- • ' 

Iri 'vthe zoom lens, .'barrel 1 0; .'there, :1s;; j 
. mechanism: for preventihg the zoom len'3 : batrel iti ,from beingy,; : . : ; 
..damaged, when a strong impact is applied .to the; front end of . 

the zoom, lens barrel 10 in a direction of retraction 
: . thereof , '■' While-, al 1 -the i irst /through. • third v^ovingf:: barrels;, ... 
;20V 19 .and i&vW ..lens ; barrel - : 

v block 12. Such . a mechanism will be hereinafter discussed 

with reference to mainly Figures 1 through 6. 

The mechanism '■■ for preventing . thel zoom lens, barrel > 10 

from b£ihg damaged -may be realized: by the third moving 

barrel 16, the linear guide barrel 17 and the .^second moving 

barrel. 19. 

' - : As shown in Figure 3 or 4 # each of the plurality 0$ 
• ^.iiig^: 'm^h^r^r .*j$a* is.' pr py ided.^w^tK : £ ,cir<juia2:V rec^i 8lB ; - v : A. 
^head 80a ibf ^-the: cprrespondihg center, fixing; fc^rew 18b: is; 



seated dn the circular recess 81b A central hole 81a is 
formed at the center of the bottom of the circular recess 
81b, through which a threaded shaft 80b of the corresponding 
center fixing screw 18b is inserted, A screw hole 19d is 
formed ■ on ■ the • second moving' barrel- 19 on each follower 
' Pro j ec t ion 19 a . , The thread sha f t s 8'0^i ;: areSr e'speb t i vely 
secured to the screw holes 19d. The bottom edge of each 
ring: member iSa/is tapered toward the second moving barrel 
19 in a : 'radial .direction: thereof , , so, .that /each ring , member 
18a ,:* s ; : \?.f?Vi3ed.,a;t':a bottom edge thereof with a tapered 
surface 81c.. : . The linear guide barrel 17 : is provided, aiongi 
. an ,°. u .^ er . edge of each lead - slot . 17b,. with a tapered iea.d. 
surface; 17n, which is formed oblique by a predetermined 
y angi;e to. firmly^contact ; the taper e£; surface 8ic ofithe 
corresponding ring member i 8a. As . can .be. seen from Figures 
3, 4 and 6, a rearmost cuter edge of each lead slot 17b, 
which extends along and is adjacent to the retaining flange 
17 e, is not formed as the tapered lead surface 17n. 

. . The linear, guide barrel 17 .. is provided, on the front 
surface of the retaining, flange : - 1 7 e ,' ; jwi th a \ p lur al i ty /of * 
bumper surfaces 17m. Each of the bumper surfaces 17m: -lk" 
positioned to correspond to the / rear end of : the 
corresponding lead slot . 17b., The ring members - 'l 8a 
*^sp^ctively ;'bump ; : ag^hst : the. bu^erjsur faces l^m\?whjen v-tjhe^ 
5,e cpn.d .^moy ing . bairr e 1 .19 is driven : ; : .to ? .ntoy ; e .l»ck. to its fuilyi/- 



retracted, position relative to the linear guide barrel 17.;, 
that • is :/ . : when •• the .... zoom lens barrel 10 "V retracts to ' the 
retracted position thereof. Each lead slot 17b is provided, 
at a rear end thereof / with an end ,,-s lot 17b' (Figure 5): 
which extends- in. a. . circumferential direction of - the linear 
guide barrel 17 and extends along and is adjacent to the 
retaining flange 17e. 

A lead groove 17p for the corresponding follower 
projectiqri: 19a to be inserted into the Corresponding lead 
slot 17b during , ah ^sseiribly of : ■ the ' zoom ;iens - barrel. 10 is 
formed on an inner periphery of the ; rear end of the linear 
guide barrel 17. at the rear end of. each lead slot . 17b. 
During; an assembly, of the zoom lens -barrel/ 10 r .when -.^the ■:' 
s econd {moving barrel : . 19 is -fit ted : i n . . : t he : , li h ear : ' : gu i de : barr e l/ 
.17.; f irstly> the : second moving barrel 19: :is inserted into: 
the. linear; guide: barrel 17, from the rear-; end ^thereof v;. and 
subseCTientiy,. the. follower project^ 

inserted iritb the lead slots 17b through the lead grooves 
17p. . Thereafter/ the ring members 18a . are respectively 
secured onto the follower .projections 19a by the center- 
fixing screws 18b, Therefore, once the second moving. barrel 
/ 19- and, the. linear guide barrel. 17 are. assembled in such . a 
manner, the second moving barrel 19 cannot be taken out of 
the linear guide barrel 19 from the rear end thereof:, since 
the ring members /1.8a ' buibp/ against \the.\bimper . surfaces .17m 



when the: second moving barrel 19 is moved back to lis fuliy- 
retracted position relative to the linear guide barrel 17 ; 
'.' .There f q^jb;^ ^-te^-fe-:" :jk>v(ft^ep ; .s\«^--f acess^ i7m:;function 'ks. '5^bppers ..to--' 
prevent the second moving barrel 19 from coming out of the 

: linear, guide barrel. 17 from a^rear, end thereof. 

The ring members 18a respectively, and slidably fit in 

■the linear guide grooves .16c . as noted above; while the 
follower projections 19a/ respectively, arid slidably : fit in 
the l^ad. slots : 17)3. / Adcordin^ly- when t^ xhird mpvi|ig 

• barrel ; 17 - moves along; the optical axi s • Cr ; whil e- •rdtating ■ 
J- about the optical v axis? 0 relative : *t b, the fixed lens barrel^ 
block 12, the second moving barrel 19 moves along the. 
optical axis 0, relative to the third, moving barrel. 16 while 
rotating together .with third i moving; barrel - i6: in i the. 

.same rotational direction relative to the fixed leris barrel 

; block 12. 

; :. The lead slots 17b ' are formed as linear grooves ,. : each 
of which, is oblique to both the optical axis direction: and a 
'•^circumferential direction' of ?t:he lihiear:. guidl barrel .17 by /a . 
predetermined angle as noted above, so that the follower 
pins 18 are driven to move in the optical axis direction at 
a constant speed when the third moving barrel 16 is driven* 
to rotate at a constant rotational speed. kbwever, e|cn!;- 
lead slot 17b is regarded as a particular type of cam slot 
for moving ; the corresponding follower pin 18 in. the optical 
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axis direction at a speed having no variation when the .third 

..-removing, .barrel ^- i;6-;-i& : . ; "dr ive n ; ;io;;;;rpta t "e- ■ at;. . ; ;a". c oris bant ""■!* 
■^.rotational speed. Therefore, the lead slots 17b may be 
considered toobe .cam slots formed on the linear guide barrel 

\- Generally, when an impact is applied to the front end 
of a telescoping type of zoom lens in a direction of 
retraction thereof while the zoom lens is advanced from a 
camera body, the ; impact will be : absorbed by . a clutch,;', 
helicoids, cam slots,., cam grooves or the like, provided in 
the zoom lens, without the occurrence of any damage, in the 
case where the lead of the helicoids, cam slots, cam grooves 
or the like is small. An arrow "A" show, in Figure 6 
represents a direction of such an impact. However, when a 
strong impact is applied to the front end of the telescoping 
• ,{.;;.' >t^e of zoom lens barrel ' in • a direction of retraction 

.. .thereof while the zoom lens . barrel is fully retracted, the. . 

, \helicoidsv cam slots - t cam grooves and/or peripheral members-*-:- 
iri , the zoom; lens may, be damaged,, particularly i h the case 
where the lead of the helicoids, cam slots, cam grooves or 
the like is large . However, the zoom lens .barrel 10. of the : , : . , 
present (embodiment does not easily suffer from such a 

/^problem;. In- the zoom lens barrel. 10 , ih/ the- case when :an '■"; 
impact is Applied, to .the ; front: end of : -\th£ zoom, lens -barrel v : 
10. in a direction of retraction thereof >while^a 



i 
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.''•vjl^'-v'--^ . thr Ough third Moving ^barrels 20,; 19 and 16 are being fully 
.:; retiractred into the ; fixed lens barf el block 12 , i ,e . , with 

follower pins 18 b^ing^re^p^ctiveiy located :at: the\erid^ i 
• J slots l?b\-; : of;:Jthe:;iead slo^s 1^: as : shown: in\'Fi^ur#^;:^i\ 

impact is , ,. receiv ^ d , .„ r ! ot: ,., ° n ^.. 1) y..,, t he end slots 17b' of the '. 

' lead slots 17b through the follower projections 19a but; also : 
by the retaining flange 17e at the bumper surfaces 17m 
,,. through the ring members. 18a. 

Ah arrow "B". shown, in Figure .6 represents^ a ■ direction ; • 
. ■;. -of . the impact applied to -the ' retaining f lange 17e ^hrougn^ ; • 
one of the ring members 18a. If the impact were received by 
, merely the rear ends of the' lead slots 17 b through ; the v '> '->V ^ 
:,S:: f 1 °^ e ^ tions • 19a , the rear ends of the lead slots 

i v- 17b would be damaged and/or the follower pins 18 and the 
follower projections^ 19a would; run-off c the, Iead^slots .17b?l^ 
; ; .^hich^may cause damage to the zoom lens barrel 10. However, 
since the impact is received by not only the end slots 17b' 
: * :^°^V^he : : f pl^ower^pf o j ections' 19a but also the retaining 

^/^•"^ strong, through 

the ring members 18a, the zoom lens barrel is less likely ' 
•7 . . to be., damaged ,.«'•] / *\X:' : i 'r, .X . '. . . : A :•. ' •• 

, In the ZQ01 * lens barrel 10 there is provided a cam 
mechanism for producing a predetermined 'movement between two X V 
f ; ; Roving- barrels the: second and third: barrel | 16... 19) whicS-SS 
are concentrically arranged. The cam mechanism includes the" • v 



• .. ' V . : • ' ; . • 48, - ; . :: ■ ' •, ' . 4- f ; 

•linear guide- barrel;/ 17:, ^the^oli^er Jr^^cti^ns lJa ; ;^E '-|hfc 
second moving barrel 19 , the follower pans 18, .the linear 
guide grooves 16c of the third moving barrel 16, etc 

The 1 inear guide barrel 17 arid- the second moving bar re. 1 
^^v^^^^^^^ 1 " W4 ^ ke V. f : p 1 1 owi kg. -mann 6 r > \ [ Firstly ,:4thi« 
- fe^ondr-mbying.: barrel 19 is inserted into the linear guide 
parrel 17 from the rear end thereof while each of the 
fol 1 ow4r projections " l|a : : is; inserted into... ;a :^prrespoiidiiiJ " 
one of the lead grooves 17p„ Thereafter, each of the ring: 
members 18a is placed on the top of a corresponding one of 
the follower ..projections 19a,.. which comes out of the 
corresponding lead slot 17b, and . subsequently > each • ring! 
member 18a is secured to the corresponding follower 
P^pjection 19a by screwing the fixing screw 18* in the screw 
hole 19d; In. this state,, the . second- moving barrel 1.9 , cannot 
•^^^•;- 6llt; ' guide barrel 17 from the rear end 

:ttiereof since the ring members 18a respectively contact the 
bumper surfaces 17m when : the second moving barrel is in; a 
state of being most retracted relative to the linear guide 
barrel. 17 .;. : ;'v'-- : '- : .;' /"■ ^-V 7 : ^T\" " v "" : : ";' *.;" 

In the case, where each of the lead sl6ts ,17bv is forced 
merely as : ;,a conventional lead slot;", - that/ - i^, V a ^lead ;: sl6& 
whose side surfaces extend, parallel to each other and thus 
d6 not approach each other in 'a .''.direction : '. away' :4xom :; '^het 
.Corresponding, follower. pr6 jection -: : 19a and also ih^.'.c^se = : 



; V*H e . ] e *ch,;: .of : /^he;. ; followers ,^^ehf^ng^ n . Mii^i 
corresponding one :of such conventional lead slots and a 

■■:^I e ^f^^:^::fB: .^'^^m guide grooves \ 16c1/-is WS±£ 
merely as a single follower integrally formed on the second 
moving barrel • 19 ,•■ not as a combination of ' the follower 

. P r °3ec tip^ll^^d^he ring' ; member 4 9a,%a ^rt6ld^^sed' ; ''f o£; 
• molding the:; linear v guide . barrel. 17 woiild have ^ite 'a . 
complicated structure, which may be comprised of a plurality 

: 'V.- f f v\-' ?P ,^^ io Ff ■. iin ^ the. ; <:a S e : Where ^ .the ' 
aforementioned single follower is integrally formed on the 
s econd moving barrel 19,: instead of the combination of • the 
: ... ?ollc,w , er ,P. 3:o 3. ect ion 19a and - the . ring member, ,13a. , ..each lead 
groove 17p needs to be provided as a lead slot which 
penetrates completely through the linear guide barrel 17 in 
a radial direction thereof, because each single follower 
will be much longer than the thickness of the linear guide 

/barrel .17 ; in: the ^radial direction, '■■This deteriorates ;t||f 
strength of the/ linear, guide •■barrel at a ..rear portion J 
thereof. In this case, if. such a strength needs to be 

.maintained, ,;the. ..linear guid^^barrel .^lo; must: .b5./fprm#4 . 
thicker - at the. ^^^^fei^-^re^^^tfjr^iy 
increasing, the size of the zoom. lens barrel 10 

However/, according to. the zoom lens barrel 10 of th<=r 

Present embodiment, such a problem is overcome due to the C 

aforementioned: -structure. in. which the ring' mEbers: iSalareS 



respectively fixed to. the follower projection 19a aftet-Jthe. 
second moving barrel 19. has been inserted in the linear 
guide , barrel 17 .during assembly:, - In addition/ sinde the 
ring members 18a and the follower projections 19a are 
separately formed and since each follower projection 19a is 
tapered in. a direction away from the . optical axis 0>" a mold 
to ; be used for molding the linear guide barrel 17 can be 
formed as a mold having a simple structure 

In the above-described embodiment, of the zoom lens 
barrel .10, aitjhpuglV ;t%e\'^ip,c^.:T^£ optical-^y^t^m consists' , of,, 
two. movable lens groups, namely the front lens group LI. arid 
the rear lens group L2 , : it should . be understood that the 
present vinvent ion is not limited to the . present < embodiment • 
dis closed: above, ; .but ;: the .-, ^present '.• •invention - niaiy. aIs6 : A "be" 
applied; to. : anpther . jtybef." of :2p<im' lens optical.-; : :syk:feem : 
including: .one or more, fixed lerisigroup^ • 

In addition, in the above embodiment, the rear lens 
group LI is provided as a component of the AF/AE shutter 
unit, 21, and the AE motor 29 and the rear lens group driving 
motor 3 0 are mounted to the AF/AE shutter unit 21,.' With 
such a structure, the structure for supporting the front -and; 
rear lens groups Lland L2 and the structure for driving the 
rear lens, group L2 are both simplified. Instead of adopting 
.such a : . structui:^,^ thei.zooinv- ^l.ehs; : '";^arre.l: .>10V:ma^^/alsp : b£. 
r.ealized '• in : suchVa i^riner by making the rear . lehs" ; \gr6\ip.;X2' "a : 



member separate from the AF/AE shutter .unit 21, which is 

' provided with the shutter mounting stage 40, the circular 
driving meinber 49, the ^supporting; member 47 , :the shutter 
blades 27, the shutter, blade supporting ring 4 6 and the 
like, and that ..the rear . lens .group !. L2 ■ is • supported by any 

: 'A ^ u ^°^^ f ^er..othero than • ^i^/^s^ixi uniMn' S 

In the zoom lens camera of the present embodiment, the 

^operation by rotation of the whole opticaV unit driving 

:r;.motbr;25,a 

be described with reference to Figures 14, 15 i 16 and 17, 
; A^ : .shov| : .in . Figure:^: qr;;i7v,.^ e „ 

10 is at the most retracted -(withdrawn), position, • i . e. ;.the. 

lens-housed condition, when the power switch. is turned ON, 
.the whole optical unit driving motor 25 is driven to rotate 

its drive shaft in the forward rotational direction by a 
^ small amount. This rotation of theater 25 ^trahsmit^d .. 
to the driving pinion 15 through a gear train 26, which is 
supported. by a supporting member 32 formed integral with the, . 
fixed lens barrel block. 12, to thereby . rotate the third 
moving barrel .16 in one predetermined rotational direction 
to advance forwardly along the; optical axis O. Therefore, 
the second moving barrel 19 and the first moving barrel 20 
are each advanced by a small amount, in the optical axis' 
direction, along with the third moving barrel 16. 
Consequently, the., camera is .in' a^ st^t e^ 'capable '} 



photographing/ - wi.tli . the ; zpojn lend'-, pp^i tic^^p- at / .fche : : • Wides t- 
P°.s:.i t i on f vi'/. ;'e . the • wide • ' end/- 7 At ;v : ; thi 'is • stage, '-"due \ to. the": 
f ac t " that' : the • - ainpun t , of movement-.; of tKe^l My^^ide barrel 
17, with respect ".to. the fixed lens barrel block 12 is 
detected, through the relative slide, .between the code plate- 
13a and : the- contacting: terminal ^ •: the 

z^pitv : len$: ^^T^'-ji),:^.^ the front arid rear lens':- grips' LI 
and L2 , is detected. 

In the pho t ogr aphabl est ate,- as above described, when 
the aforementioned zoom operating lever W manual ly moved 
towards a "tele" side, or the M tele" . zoom button is manually 
depressed ON, the whole optical unit driving 

motor- 25 is driven to -rotate its. drive, shaft in the forward- 
rotational direction. through, the whole. optical unit driving- 
motor controller 60 "so. that the : : third, moving barrel 16 
rotates in : ; the. rotational direction to advance along the 
optical axis O via the driving pinion 15 and the outer 
peripheral gear : 16b. -Therefore , the thiifd moving; barrel 16; 
: i s advanced - from the ; f ixed 1 eh s ; : bkri?e 1 7bl ock : 12 'according - to 
the relationship between. the female helicbid. 12a and the 
male helicoid 16a. At. the same, time, the linear guide 
barrel 17 moves forwardly in the optical axis direction 
together with the third moving, barrel 16, without relative, 
rotation to the fixed lens barrel block 12, according, to, the 
relationship :^^%et\;[;i^ .'engaging ' \p£oj Actions' ■ ijc . .^nd; the 
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linear guide grooves 12b. At, this time, 'the simultaneous 

slots 17b and linear , guide grooves 16c causes the second 
moving barrel 19 ; to move forwardly relative to the third 
moving barrel 16 in the optical ,. axis direction,, while 
rotating together with the third moving barrel 16 in the 

: - same' rotational direction relative' to the "fixed lens barrel 
block 12. ; The first moving barrel : 20 moves forwardly fromi: 

,- ; the..se^ 

together With the AF/AE shutter unit 21, without relative 
' rotation to the /fixed lens .barrel . block: 12 , due to the- 
above-noted structures; in ; which the f irst/inoving ' barrel 20 
is guided linearly by the linear guide member 22 and in 
which the follower, pins 24 are guided by the lead grooves 
J; 19 — . ^ements. according; tpv ; the; fact: that = the J 

: moving position; of ^he^ linear gui^e barrel 17 with respect, 
to the fixed lens barrel block 12 is detected through the 
relative slide between the code plate 13a and the contacting 
terminal 9, the focal length set by the zoom operation 
• device . 62 '"'is' detected'. I • " : " 

• GOnverse^y^ 
moved towards a -wide" side, or . the -wide- zoom button is 
manually depressed to be turned ON, the whole optical unit .' 
drwang motor 25 is driven to rotate its drive shaft in the 
•reverse rotational/ direction throug^ the ' wnbie^ o^ical 4St^ 



driving motor controller 60 so that the third moving barrel. 
16 rotates in the relational direction to retract into the 
. fixed .lens barrel; block. 12 /together' {with the linear 'gSidej 
barrel 17. At the same time, the second moving barrel 19 is 
retracted into „ the {third: moving . barrel .1.6,.. while .rotating, in 

S; t ^^,Wlv,^K eCtion SS that of the - third . moving barrel 16, 
•and:; the first moving barrel 20 is retracted: into the;" 
rotating second moving- , barrel 19 together with the AFVAE-- 
shutter unit 21, .. During the above: retraction driving, like 
the case of advancing driving as above described, the rear 
lens group driving motor 30. is not. driven; 

. while the zoom lens, barrel 10 is driven during, the 
zooming operation, since the rear lens group driving motor" 
30 is not driven, the front lens group LI and the rear lens 

■igroup -; L2.. move' as,; a, who le , maintaining . a . ..cpns tarit distance/ 
between each other, as shown 'in Figure 14 -or 16. The focal • 
length input via the .zoom code plate 13a and the contacting, 
terminal 9 is indicated . on an LCD panel (not shown) provided 
on the camera body. \ : -'^>?V-l-<g.' 

At any focal length set by the zoom operating device 
62, when .the release button is depressed by a half- step, the" 
object distance, measuring . apparatus 64 is ; actuated to 
measure a current subject distance.; At the same- time the 

;Pbo.tome|erin^ 

subject brightness Thereafter, when .the, release button is 



fully depressed, the whole optical unit driving motor 25 and 

the . rea ^ ; . lens group drivin 9 »otor 30 are each driven by: 
; :- ;: respept|ye^^puhts; c3ict:a^ed ; according jjto . the- focal ..length 
'information set ^inV'advanCe : and the subject distance 

information obtained from the object distance measuring 
^apparatus 64 so that. the front and rear lens groups LI and 

L2 are, respectively moved to specified positions to. obtain a 

|Mspedifi^d;/:foc^ 

;Vf pcus, . I^d^at^y 'ait^he / subject . i^^t-;^6>^s;-;.[ 
via the AS motor controller 66, the AE motor 29 is driven to 

;.:rbtat.e : ?.the^^ 

corresponding to the subject -brightness information obtained 
from the photometering apparatus 65 so that the shutter 27 : 
is driven to open the shutter blades 27a by a specified 
amount which satisfies the required exposure. Immediately 
after. such a . shutter release operation, in which the' three 
Shutter blades 27a are opened and subsequently .closed, is 
completed, the whol* -optical W.t dxiyi^ g ; mQ tbr 25 and the^ 
rear lens group driving motor 30 are both driven to move the 
front lens, group LI "and the rear lens group L2 to' the 
respective initial positions at which they were at prior to 
a shutter release., "... 

-.. In the -present; embodiment, of |the zoom, lens; barrel, ipl 
.-Fantas Coat , SF-6-. is used- as the coating 72 W • However" / V./ 
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• ' JV, . -V ■; ... ' : f.v .'. :/ .. ■:5;6->^L^^ , :.-V. • V • }:/;■: : f.t*Z 
long as it is, ..waterproof '..and^ : inak^s(;;the ci^c\il^r : - ''abtffe : jb;in^: 
s : ur.fac<2 : 72b :a. ; ;,smoot:h. ; ;:i.surf ^ce'X to : form substantially ::nb" ga£>- 
between the circular abutting surface 72b and the 
circumferential portion fp. 

Obvious, changes may be made , in .the specific embodiments 
of the present . indention ^e$c;ribed herein/ such 
modifications being within the :: scope of the 

invention . .plaimed.. . '< ';-ilt . ; is' . indicated -that • -a, 11 rhatter 
cdntaihed herein is. .illustrative and. does: not limit the 
scope of the present invention/ 



" : CLAIMS ' ' 

1» A cam mechanism, used for a photographic lens which 
includes a movable barrel and a cam ring fitted on said movable 
barrel such that said moving, barrel is,, movable,, relative, , to said 
cam ring along an optical axis of said photographic lens , said 
cam mechanism comprising: 

at .least one cam ; slot formed on said cam ring extending 
obliquely to a direction of said optical axis ,.. wherein said at 
least one cam slot - is formed such that a cross-section along a 
plane, perpendicular to a longitudinal direction of said at 
least one cam slot tapers in a direction away' from said 'optical 
axis p r- 
at least one follower projection integrally formed on. said 
movable barrel, -wherein said at least ...one follower projection 
.■•is formed ;t 6. taper, in. said direction away from is a id .optical 
axis to be firmly fittable in said at least one cam slot; 

'.' at least one lead groove for allowing insertion of said at 
least one follower projection into said at least one cam slot 
during an assembly of said photographic lens, said at least one 
lead groove being formed on an inner periphery of a rear end of 
said moving, barrel at a rear end of said at least oiie cam Slot; 

at; least -one follower/ respectively provided, on -sai<S 'at 
least, one follower project . . 

....... -At;. -1 eas.t, .^pne .;;st6pper ..i£6r coni J: act i ng - .;s aici 'l^fA^ds^'^Sne^ 



follower when said moving barrel .15. fully- retracted into said 
cam -ring for preventing said movable barrel from cdming- out of 
said cam ^ ring from a rear end thereof, said--" at: least , one. 
Stopper . - : b e ing integrally f or me don :• an o u t e r p e r. i phery of- sa id- 
;mov^ble : barrel; adj a cent ;tp- ; : saa%v jear:^6iii<i : * .pf ^ - :, ##id at i:l e as t; ; ;phe 
•cam slot." " . - : ' : '• -• x • :C,.\'^'\ : ; • ' :: i ■ * v }'- % ^'X^'- : ^''^ : ' 

■ 2 . A cam. mechanism according - to. claim - : 1 ,^^■whe:reih : •••sai;ci■. 
. photographic lens is. a 20dm lens / 

7 3 . ' A "cam- mechanism, according to. claim; 1 ..or 2 f wherein said 
cam, ring is guidable along said optical axis without rotating 
about said optical axis relative to a stationary block of said 
photographic lens. 

4 . A cam mechanism:, according to .any one • .of :. claims/ 1 , 2 .'or- 
:/;3 ,• wherein -said - .at: • least • one: • followers is • : :;-va. •ring: :- member 
sedurable onto ' said at least :: one "follower projection by a 
"fixing, .screw ?; : screwable. * \ "in > Vsiaii^ . jf ollpw^r 

pro j ectionvy ; - v 1 V.": : - T - : - 7 ..^ ;: : . : ': :i: ' ■ '-"i^-.?^/ 

•5. A cam mechanism according to any one of claims 1 to 4 , 
wherein said at least one cam slot is oblique to said direction 
:pf. said optical axis , .by a" predetermined angle , x , • . 

• .6 / A c£m .mechanism according to any one of. claims: 1 to 5y 
' further : cbmpr is ing i 'f - C''' 

VV. : i4k^i^^<:^^ e ^ it€e^">..pn : v said darri ;ring.;"; t;p ; be 
. otatabl£- apoiit sai# : optical, axis-:, relative;, to. ". said ;Ccam : ;'ring;. 



: .and' : . y:"fy. V y;^ ] .:- : '^:\ \' ..••-.;; '■•<:,'.•;•/': '7 :: \Vi : *> -.X'. . , \ : : 

• .least one:: . guide " grobye formed on an : i nner; : .pe r iphe ry;-: : of 

•••said .rotational, barrel:;; - said .at : : least^ one . follpw^r: being, .fitted 
i^v : ^ id: . i^^ s ^ • : ^ ri ^ guide groove to be guidable therealong. 

7. A cam mechanism according to claim 6> wherein said at 
least one guide groove extends in said direction of said 
•optical .-axis.; '.. '. 

8 A cam mechanism according,;tq ..claim 6 or 7, wherein skid 
xotational barrel, is fit. table on said cami rin£ to be immovable 
along said optical axis relative to said cam ring. 

9. A. cam mechanism substantially.,. as hereinbefore described 
with reference; to;. Figures 3 to ; 6 of the 'accompanying -drawings^ - 
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